Pile punching (or driving) affects the surrounding area where piles and the adjacent 13 piles can be displaced out of their original positions due to horizontal loads, leading to hazardous 14 outcomes. This paper presents a 3D coupled Smoothed Particle Hydrodynamics and Finite 15 Element Method (SPH-FEM) model, which was established to investigate pile punching and its 16 impact on adjacent piles subjected to lateral loads. This approach handles the large distortions by 17 avoiding mesh tangling and remeshing, contributing greatly high computational efficiency. The 18 SPH-FEM model was validated against field measurements. Results of this study indicated that 19
study of its impact on adjacent piles are crucial to prevent the possible damages on nearby vibrations due to pile punching and their effects on the nearby structures are available [9] [10] [11] [12] [13] .
particles is covered by a smooth length over which their properties are smoothed by a smoothing 96 kernel function. The integral representation of smoothing kernel function and its derivative are 97 described as [24] :
where W is the smoothing kernel function, h is the smoothing length, Ω is the problem domain 99 and f is a field function.
100
The commercial software LS-DYNA was used for simulations throughout this study. It 101 employs following cubic B-spline smoothing function, and it has been proven to be accurate and Smoothing length, h, is an important parameter in the SPH method because it determines the 104 influence area of the smoothing function, W, for each particle [24] . Since the mass of particle in SPH 105 is assumed to be constant, the smoothing length associated with particles should vary accordingly 106 with density. Although using variable smoothing length increase the accuracy of the results, it will 107 increase the computational time. In this study, the smoothing length coefficient was set to be 1.05.
108
In the second step that is particle approximation step, the computational domain is discretized 109 with a set of initial distribution of particles that carry an individual mass. The field variables on a governing equations for SPH particles can be written as:
where m is the mass, ρ is the density and v is the velocity. σ αβ is the total stress tensor, X is the 114 spatial coordinate of the particle, t is the time, W is the smoothing kernel function and Π is the 115 Monaghan artificial viscosity.
116
The study first simulated and validated the experiment conducted by Nilson [25] . Nilson [25] 117 recorded series of ground vibration measurements using the vibration sensors arranged at 10, 20 
139
The soil close to the driven pile was modeled with SPH particles and the rest of the model was The impact of pile punching on an adjacent pile was investigated using the established 3D 
292
Moreover, Table 2 
313
In this study, the impact caused by pile punching on an adjacent pile was investigated using a 314 3D well-established SPH-FEM model; the model was calibrated against field measurements. A 315 comprehensive parametric sensitivity study was performed to evaluate the impact of soil properties 316 on the displacement of a pile due to the punching of an adjacent pile, by varying the elastic 317 modulus of the soil, soil density and spacing between piles. It was found that the lateral 318 displacement of an adjacent pile (due to pile punching) increased with the decrease in soil elastic 319 modulus, soil density and the spacing between the piles. The interaction between piles became 320 weaker when the piles are driven in stiff soils. Results also show that the lateral displacement at the 321 head of an adjacent pile was fairly significant for piles driven into sandy soil.
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